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H.  B.  Hines.  S.  M.  Naseem  and  R  W  Wannemacher  Jr.  [  H]-Saxitoxinol 
metabolism  and  elimination  in  the  rat.  Toxicon  31.  905-908.  1993. — Tritiated 
saxitoxinol  was  used  to  obtain  preliminary  information  on  saxitoxin 
metabolism  in  the  rat.  Sublethal  doses  of  tritiated  saxitoxinol  ( 18.9-pCi/kg; 
3.8  /rg/kg)  were  injected  i.v.  into  each  of  six  rats.  Urine  and  fecal  samples  were 
collected  up  to  144  hr  post-injection.  Within  4  hr,  60%  of  injected  radioactivity 
was  excreted  in  urine.  No  radioactivity  was  found  in  feces.  High  performance 
liquid  chromatography  analyses  of  urine  showed  that  saxitoxinol  was  not 
metabolized  by  the  rats. 


Clinicians  have  observed  that,  if  patients  afflicted  with  paralytic  shellfish  poisoning  (PSP) 
survive  24  hr.  either  with  or  without  mechanical  ventilation,  chances  for  a  rapid  and  full 
recovery  are  excellent  (Meyer.  1953;  Acres  and  Gray.  1978;  Sakamoto  et  al..  1987).  Such 
observations  suggest  that  toxin(s)  responsible  for  PSP  undergo  either  rapid  excretion, 
metabolism  or  both;  but  there  are  no  known  studies  of  PSP  toxin  metabolism  in 
mammals. 

We  used  tritiated,  reduced  saxitoxin  (dihydrosaxitoxin  or  saxitoxinol;  [’H]-STXOL)  to 
study  PSP  metabolism  in  mammals.  Saxitoxinol  is  an  analog  of  saxitoxin  (STX),  which  is 
the  most  studied  PSP  toxin  and  one  of  the  most  toxic.  Saxitoxinol  retains  most  of  STX's 
structural  features  and  STX’s  ionic  characteristics,  although  two  epimers  are  produced 
upon  STX  reduction  with  borohydride  (Shimizu  et  al..  1981). 

Purified,  tritiated  STXOL  (specific  activity  1 .4  Ci/mmole).  prepared  according  to  the 
method  of  Shimizu  et  al.  (1981),  was  provided  by  Dr  Fun  Sun  Chu  of  the  University  of 
Wisconsin,  Madison,  WI.  U  S  A.  A  STXOL  dose  of  1 8.9  ,uCi/kg  (3,8  jtg/kg)  was  injected 
into  the  penile  vein  of  each  of  six  male  Fischer  VAF/Plus  rats  (Charles  River.  Inc., 
Wilmington,  MA,  U.S.A.)  weighing  approximately  195  g  each  and  housed  individually  in 
metabolism  cages.  One  ml  of  1.0  M  acetic  acid  was  added  to  each  urine  collection  vial  to 
prevent  pH-related  degradation  (Meyer,  1953;  Shimizu,  1988)  and  to  inhibit  bacterial 
growth.  Urine  and  fecal  samples  were  collected  at  4,  24,  48.  72  and  144  hr  post-injection. 
A  0.1  ml  aliquot  of  each  urine  sample  was  assayed  for  total  radioactivity.  The  remainder 
was  frozen  at  -20°C  until  analyzed  by  high  performance  liquid’chromatography  (HPLC). 
Fecal  samples  were  placed  in  5  ml  of  0.01  M  acetic  acid,  homogenized  and  centrifuged  at 
3500  xg  for  10  min.  A  1.0  ml  aliquot  of  supernatant  was  counted  for  total  radioactivity. 
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Fig  I  Rat  urinary  excretion  profile  or  radioactivity  expressed  vs  hkiimai.i  oi  totai 

DOSE  AND  PERCENTAGE  OE  CUMULATIVE  DOSE. 

All  points  are  the  averages  of  six  measurements  Imean  +  S.E  M  )  Toxicokineiic  analysis  yielded 
the  following  values:  T ,  =  12  3  hr.  a  phase  =  0  0563 

Rat  urine  (1.0  ml)  was  filtered  (0.22  jim  filter),  and  iOO/tl  was  injected  into  a 
Perkin-Elmer  Series  4  liquid  chromatograph  fitted  with  a  150x4.1  mm  PRP-1  column 
(Hamilton.  Inc..  Reno,  NV.  U.S.A.).  Chromatography  conditions  and  mobile  phases  have 
been  described  (Suluvan  and  Iwaoka,  1983).  A  post-column  system  was  not  used. 
One-minute  fractions  were  collected  for  scintillation  counting. 

Both  curves  shown  tn  Fig.  1  depict  the  rapid  excretion  of  radioactivity  in  urine.  No 
radioactivity  was  detectable  in  feces  at  any  time.  By  4  hr  post-injection.  60%  of  the 
injected  radioactivity  was  excreted  in  urine  (Fig.  I).  Rapid  urinary  elimination  slowed  by 
48  hr.  and  negligible  additional  radioactivity  was  excreted  throughout  the  remainder  of 
the  experiment,  which  was  terminated  at  144  hr.  Approximately  72%  of  the  injected  dose 
was  excreted  by  144  hr.  while  28%  remained  in  rat  tissues.  Toxin  remaining  in  the  rat  may 
have  been  retained  either  in  an  intact  or  altered  form.  Analysis  by  HPLC  revealed  that, 
for  each  rat.  there  was  only  one  radioactive  peak  in  urine  for  each  collection  penod.  The 
peak  was  identified  as  parent  by  co-injection  of  standard  [’HJ-STXOL.  Generally,  peak 
retention  was  consistent  for  many  analyses.  Column  performance  changed  slightly  after 
repeated  urine  injections  but  was  restored  with  extensive  washing  with  elution  buffer. 
Identification  and  retention  consistency  are  illustrated  in  Fig.  2  (A.  B  and  C).  Figure  2D 
depicts  the  si  change  in  column  performance  which  caused  a  minor  retention  shift. 
Attempts  to  confirm  the  peak's  identity  by  fast  atom  bombardment  mass  spectrometry 
were  unsuccessful  due  to  ion  suppression  caused  by  urine  components  that  co-eluted  with 
STXOL  in  the  purification  process.  Efforts  are  continuing  to  improve  the  isolation/ 
purification  procedure. 

The  urinary  excretion  profile  supports  clinical  observations  of  rapid  recovery  from  PSP 
in  non-lethal  cases.  Species  and  route  of  administratiQO  differ  (intravenous  vs.  oral), 
however,  and  do  not  permit  direct  comparisons.  Our  analyses  indicated  that  excreted 
toxin  was  not  metabolized  by  the  rats,  although  approximately  28%  of  the  injected 
radioactivity  was  not  recovered. 


Short  Communications 


40  7 


. . 

2  A 

•50  ' 

C  j 

1/7  n 

■o  Q  " 

c 

■A 

?50- 

s’s: 

o 

(/» 

O-0 

XL 

I 

3  3- 

0. 

O  s- 

'-'30  ■ 

5 

Q  tD 

"  . . _J 

L  c 

L 

J  7  a  a  A  -- 

•  01 - 

d  7 

-  :z 

Fraction  #  (1.3  ml/Min)  Fraction  #  (1.3  ml/Min) 

Fig.  2.  Representative  HPLC  radiochromatograms  of  individual  kai  t  him  samples 
The  large  peak  appearing  in  each  radiochromatogram  was  identified  as  |  H]-sa\itoxinol  by 
coinjection  analysis.  (A)  Standard  ('H)-saxitoxino!  spiked  into  acidified  rat  urine  tpH  5  01  and 
incubated  at  37  C  for  I44hr.  Saxitoxinol  radioactivity  peaked  in  fraction  21  (Bi  Individual  rat 
urine  sample  collected  at  144  hr.  Saxitoxinol  radioactivity  peaked  in  fraction  21  (C)  Individual  rat 
urine  sample  collected  at  4hr.  Saxitoxinol  radioactivity  peaked  in  fraction  21  ll>)  Individual  rat 
urine  sample  collected  at  144  hr.  Saxitoxinol  radioactivity  peaked  in  fraction  20  due  to  changed 

column  performance. 


From  these  data,  we  postulate  that  recovery  from  PSP  caused  by  STX  generally 
involves  rapid  excretion  of  parent  toxin.  Studies  with  gutnea-pigs  injected  with  toxic 
amounts  of  STX  also  support  this  postulate.  Time  to  return  of  spontaneous  ventilation 
was  dose  dependent  if  guinea-pigs  were  mechanically  ventilated  while  spontaneous 
respiration  was  blocked  (Miller  and  Franz.  1989).  To  substantiate  these  results,  studies 
of  unaltered  PSP  toxins,  such  as  STX.  and  oral  administration  (or  human  ingestion)  will 
be  required.  Better  analytical  techniques  and/or  stable  radiolabels  for  PSP  toxins  are 
needed.  These  investigations  are  in  progress. 
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